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1 Introduction

Agreements from RAN1#82 for UCI transmission on PUCCH for enhanced CA included the following:
Agreements:
· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA
· Specify at least one new PUCCH format:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
Agreements:
· In the case of TDD PUCCH cell, the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32CCs is selected from

· 128, 256, 319, 638

This contribution considers the additional FFS aspects for PUSCH-like PUCCH format.

2 PUSCH-like PUCCH Format
It was agreed that at least one new PUCCH format based on the PUSCH structure is introduced for eCA. For extended CP the existing PUSCH structure will be used and the same applies for normal CP as a working assumption. There is no issue with confirming the working assumption as there is no realization, other than operation with both very high speeds and the lowest payloads for the new PUCCH, where the alternative for 2 DMRS per slot can outperform. In all other cases, including for the smallest payloads in the presence of SRS (likely always the case in TDD) and/or P-CSI, the existing PUSCH structure is preferable [1].

Proposal 1: Confirm the working assumption that the new PUCCH format has the PUSCH structure regardless of normal CP or extended CP. 

The number of PRBs for the new PUCCH format should depend on the UCI payload and on the UE SINR as, assuming QPSK and non-power limited UEs, this determines the code rate and hence the BLER. It should be clear that restricting transmission in 1 PRB is not enough as the code rate is 1 when the payload is 288 bits or 264 bits in case of SRS transmission – this can often be (approximately) the case in TDD for a bundling window of 4 subframes (UL/DL configurations 2 and 4) without spatial domain bundling. Naturally, the code rate should be much smaller than 1 and for UEs with low SINR, smaller than 0.5. For P-CSI, a maximum payload is 352+8=360 bits and similar comments apply. For A-CSI-only PUSCH in Rel-10 where the maximum payload was 5x64+8=328, up to 20 PRBs was allowed.  

Proposal 2: The new PUCCH format with the PUSCH structure can be transmitted over multiple RBs per slot.   

The next issue is the configuration of the PRB pairs. As mentioned above, Rel-10 allows using up to 20 PRBs for A-CSI payloads up to 328 bits. When only 3 subframe symbols are available for A-CSI multiplexing (remaining symbols go to HARQ-ACK, RI, SRS), this allows for a code rate of ~0.23 for the maximum A-CSI payload thereby enabling a non-power limited UE with low SINR to reliably transmit A-CSI. Assuming HARQ-ACK is prioritized, 11 symbols can always be assumed available in the PUSCH-based PUCCH format and for a minimum code rate of ~0.23 and a maximum payload of 319+8=327 bits (PCell with TDD UL-DL configuration 5, 31 FDD SCells, and spatial bundling), 5-6 PRBs will be needed. If such a configuration is not deemed reasonable to support (e.g. excluded by specification or by mandating cell/time domain bundling), the more typical value of 128+8=136 bits can be used as reference (can be obtained for several combinations of FDD and TDD cells including for 32 TDD cells, UL/DL configuration 2, and spatial domain bundling). Then, the required number of PRBs is 2-3. Similar, for P-CSI only transmission, the maximum payload is 360 bits and 6 PRBs suffice (without considering gains from potential use of turbo coding [2]). To allow for implementation margins and for network and deployment flexibility, allowing up to 4 PRBs for HARQ-ACK and up to 8 or 16 PRBs for P-CSI seems sufficient. The impact is on RRC signaling having 1 more bit which is trivial.    
Observation 1: For maximum HARQ-ACK payload of 128+8=136 bits and maximum P-CSI payload of 352+8=360 bits, a maximum number of 4 PRB pairs and of 8 PRB pairs, respectively, is expected to suffice in practice.  

For dynamic HARQ-ACK payload determination by a UE, the number of PRBs pairs for HARQ-ACK transmission can vary. Assuming use of a 2-bit ARI, the eNB is expected to configure the UE with 4 resources for each possible number of PRB pairs. For P-CSI, a single configuration for each group of P-CSIs suffices (a group of P-CSIs can include the P-CSIs for some or all of the DL cells). As the number of PRB pairs can be large, UL bandwidth fragmentation can occur if frequency hopping (FH) is always used. Although FH is beneficial as it can provide 2-3 dB gains for 1% BLER, UCI transmission in eCA can benefit from the absence of UE multiplexing in the PUSCH-based PUCCH and frequency selective resource use can apply at least for HARQ-ACK. Therefore, although FH is always beneficial in case of UE multiplexing in the same PUCCH resource, it is no longer necessarily needed. The eNB can associate each configured PUCCH resource with whether or not FH is applied for that resource (one additional bit is needed in the respective RRC signaling). This allows the network to configure FH for all PUCCH resources, for some of them, or for none of them. For example, when the network can sufficiently rely on SRS transmission from the UE, it can disable FH and always select the PRB pairs where the SINR is the largest.  

Proposal 3: A resource (number of PRB pairs) configured for HARQ-ACK transmission with the PUSCH-based PUCCH format, is also configured with or without FH for the HARQ-ACK transmission
The coded bits to RE mapping, for either HARQ-ACK or P-CSI, can be based on the one for A-CSI (e.g. for A-CSI-only PUSCH). One aspect is whether or not to apply interlacing of the TBCC parity streams. The bit collection for the circular buffer can be with interlacing of the parity streams as in Rel-99 or without interlacing of the parity streams as in Rel-12. No interlacing can provide small gains in case of high code rates (high SINRs). For example, a 1/2 code rate can be enabled by rate matching (puncturing) the third stream which is somewhat preferable to smaller rate matching of all parity streams. Conversely, interlacing enables all parity streams to experience frequency diversity in case FH is used (if a parity stream is lost due to fading, this effectively increases the code rate). For low code rates, such as for transmitting a payload of up to 48 bits in 1 PRB pair, there is no difference between interlacing and no interlacing as no parity stream is punctured and all parity streams are transmitted in both PUCCH PRBs. 
Figure 1 presents the BLER with and without interlacing for HARQ-ACK and CRC payload of 96 bits, transmission in 1 PRB pair, for the EPA3 and ETU3 channels, and for pseudo-random HARQ-ACK bits. At 1% BLER, interlacing outperforms no interlacing by ~0.2 dB. 
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Figure 1: BLER for 96 HARQ-ACK bits with and without interlacing of parity streams.
Observation 2: Interlacing of parity streams provides small performance gains over no interlacing of parity streams in some cases with relatively high code rate. There is no difference for moderate or low code rates.   

3 Conclusions

This contribution considered remaining aspects for the PUSCH-based PUCCH format and proposes the following.

Proposal 1: Confirm the working assumption that the new PUCCH format has the PUSCH structure regardless of normal CP or extended CP. 

Proposal 2: The new PUCCH format with the PUSCH structure can be transmitted over multiple RBs per slot.   

Proposal 3: A resource (number of PRB pairs) configured for HARQ-ACK transmission with the PUSCH-based PUCCH format, is also configured with or without FH for the HARQ-ACK transmission

In addition, the following are observed.

Observation 1: For maximum HARQ-ACK payload of 128+8=136 bits and maximum P-CSI payload of 352+8=360 bits, a maximum number of 4 PRB pairs and of 8 PRB pairs, respectively, is expected to suffice in practice.  

Observation 2: Interlacing of parity streams provides small performance gains over no interlacing of parity streams in some cases with relatively high code rate. There is no difference for moderate or low code rates.   
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